The effects of garlic on lipid metabolism were examined in White Leghorn pullets that had been fed for 4 weeks either a control diet based on corn and soybean meal or an experimental diet containing either 3.8% garlic paste, a solvent extract (petroleum ether, met Hanoi and water in sequence) of garlic paste, the residue or commercial garlic oil. Significant decreases in hepatic 3-hydroxy-3-methylglutarylCoA reducÃ-ase(79-83%), cholesterol 7a-hydroxylase (43-51%), fatty acid synthetase (17-29%) and in representative pentose-phosphate pathway (23-39%) activities accom panied the feeding of the petroleum ether-, methanol-and water-soluble fractions of garlic. Garlic paste and oil also suppressed these activities. Significant decreases in serum lipids occurred in response to the feeding of these garlic fractions: serum total cholesterol by 20-25%, low density lipoprotein cholesterol by 28-41% and triglycÃ©rides by 10-26% ; but high density lipoprotein cholesterol failed to respond to these treatments. The residue remaining after solvent fractionation had little influence on these parameters. These findings were substantiated by a second study in which pullets of a commercial broiler line were fed the garlic fractions. The results confirm that garlic oil and odorous components of garlic lower cholesterol levels. An odorless water-soluble component of garlic also has this effect. The mechanism of the hypocholesterolemic action is at the level of the suppression of cholesterol biosynthesis.
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The search for the hypocholesterolemic tion of secondary plant products, present in agent in predominantly vegetarian human foods bound to the major products of plant diets has yielded considerable information metabolism, underlies the suppression of concerning the effects of the macrocom-plasma cholesterol level, specifically the level ponents of plant materials on cholesterol metabolism in an animal model. The con-Â© 1983 j^^i^tute of Nuwtion. nÂ«^Â«d forpublicÂ«â"¢ sideration that minor components of plant i December wsz. metabolism, perhaps the products of^^^^p athways branching from the mevalonic acid sciences, university ofwisconsin- cholesterol synthesis has received far less atsciences, university ofwu of cholesterol in the low density lipoprotein (LDL) fraction (LDL-chol) of the plasma lipoproteins, when crude plant products are in the diet. Among the cereal grains, barley most effectively lowers plasma cholesterol levels (4) . Secondary products separated from the protein, carbohydrate, fiber and oil frac tions of barley suppress 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase activity and concomitantly lower the LDLchol level (5) . Secondary products having similar actions might be responsible for the widely reported hypocholesterolemic proper ties of garlic (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . The magnitude of this action ranges from a modest 14% lowering of serum cholesterol in humans (16) to a lowering of 80% in cholesterol-fed rabbits (7) . Garlic was fed in these various studies as the raw clove, steamed or fried cloves, as garlic pearls, powder, as juice or extract or as the essential oil. The effects of maturation and of postharvest changes in garlic on this hypocholesterolemic property have not been studied. Such effects might explain some of the inconsistencies in the results of various studies of different garlic products. Two com ponents of garlic, S-allylcysteine sulfoxide (alliin) (20) and diallyl disulfide-oxide (allicin) (21) were shown to lower cholesterol levels of cholesterol-fed (20) and normal (21) rats. The overall effects of garlic and its consti tuents on lipid metabolism in chickens have not been described. In this report we describe the effects of feeding garlic or garlic extracts on hepatic HMG-CoA reductase, cholesterol 7a-hydroxylase, pentose-phosphate pathway enzymes and fatty acid synthetase activities. These enzymatic activities reflecting the con trol of overall lipid metabolism were measured, along with serum lipid com ponents, total cholesterol, LDL-chol, cholesterol in the high density lipoprotein (HDL) fraction (HDL-chol) and tri glycÃ©rides, in layer and broiler pullets after a fasting-refeeding regimen that induced lipogenic activity. 1. The experimental diets were modified with the substitution of 3.8 % garlic paste or a sol vent fraction or garlic oil equivalent to 3.8% garlic paste for an equal quantity of corn. The groups of pullets, which has been established 2 or 4 weeks prior to the experi ment, were randomly assigned the ex perimental diets. The layers were fed the diets ad libitum for 24 days. The control group of broilers was fed ad libitum for 24 days; the experimental broiler groups were fed isogravically with the control. Feed consump tion of the broilers was recorded. Each tier of the battery was exposed directly to in candescent lighting for 12 hours each day. Water was given ad libitum. At the end of the 24-day feeding trial, the pullets were fasted for 24 hours and then refed for 72 hours. Blood samples were taken from wing veins of the broilers at the end of the fasting period. After refeeding, the pullets were weighed, killed by severing the carotid arteries, and blood samples were collected. The livers were removed, washed, chilled on ice, weighed and then prepared for analyses.
MATERIALS AND METHODS

Materials
Preparation of the garlic paste and solvent fractionation.
Garlic bulbs (1 kg) with the outer and inner husks removed yielded 760 g cloves. The cleaned cloves were homoge nized to a paste with a commercial Waring blender (Waring, New Hartford, CT). Onehalf of the garlic paste was mixed with suffi cient corn to provide 7800 g of mixture for the formulation of the "garlic paste" ex perimental diet for the layers or 7000 g for the broilers. The remainder of the paste was stirred with light petroleum ether (500 ml) for 2 hours. After standing for 1 hour, the sol vent was decanted. The procedure was repeated twice. The last extraction was com pleted by filtering the solvent through a sintered glass funnel under vacuum. The three extracts were combined and then con centrated to dryness under vacuum at 60Â°. The semisolid garlic residue was lyophilized, and the resulting powder was extracted suc cessively as described above with methyl alcohol and water. The final residue was dried overnight in an oven at 60Â°. The frac tionation yielded 1. 'PESF, MESF and WASF stand for petroleum ether-, methanol-and water-soluble fractions of garlic, respec tively. Five grams of garlic bulb yielded 3.8 g of garlic paste. Fractionation of 3.8 g garlic paste yielded 14 mg PESF, 342 mg MESF, 793 mg WASF and 121 mg residue. Commercial garlic oil was added at the level of the PESF.
2Each diet also contains soybean meal (44% protein), 16.0% ; alfalfa meal (17% protein), 2.0% ; meat and bone meal, 1.5%; dicalcium phosphate, 1.0%; calcium carbonate, 0.5%; iodized salt, 0.5%; vitamin and mineral mixture, 0.5%. The vitamin and mineral mixture provides per kilogram diet; vitamin A, 3000 IU; cholecalciferol, 500ICU; riboflavin, 2.5 mg; calcium pantothenate, 3.0 mg; vitamin B-12, 0.005 mg; zinc sulfate (ZnSO4), 70 mg; and manganese dioxide (MnOs), 50. Grit (5.0%) was also incorporated at the expense of each diet.
'Eight-week-old layers. 4Twelve-week-old layers. 'Mean Â±SD; n = 8 chickens per group. theses correspond to the percent dry weight in each fraction. Each fraction was taken up in a minimal volume of the appropriate sol vent and added to sufficient corn to give 7800 g or 7000 g. The experimental diets thus con tained the specific solubles in quantities equivalent to those in a 5% garlic bulb (3.8% garlic paste) diet. The solvent was removed from each diet by air-drying the mixture spread thinly in a pan overnight in a fume hood.
Preparation of liver homogenates and assays of enzymes.
The liver homogenates were prepared in 0.1 M potassium phosphate buffer, pH 7.4, containing 4 mM MgCl2, 1 mM EDTA, and 2 mM dithiothreitol. The tissue was chopped and suspended in the buf fer (1:2, wt:vol), and homogenization was done at 0-4Â°with a Polytron homogenizer (Brinkmann Instruments, Westbury, NY). The 100,000 x g supernates (cytosols) and precipitates (microsomes) were stored at -20Â°prior to assay for enzymatic activities.
Assays for HMG-CoA reductase and cholesterol 7 a-hydroxylase have been described (22, 23) . The activities of glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, malic enzyme, citrate-cleavage enzyme and fatty acid synthetase in the cytosol were assayed spectrophotometrically at 25Â° (22, 23) . Protein con centrations were estimated by a modification of the biuret method with bovine serum albumin as a standard (24) .
Estimation of serum cholesterol and triglycÃ©ride concentrations. Cholesterol and triglycÃ©rideconcentrations in serum samples were estimated by using Worthington "Cholesterol Reagent" and "TriglycÃ©ride Reagent," kits obtained from Worthington Diagnostics Division of Millipore Corpora tion, Freehold, NJ.
Low density and very low density lipoproteins (VLDL) were isolated from the serum (100 /tl) by precipitation with a mixture of phosphotungstic acid, 9.7 mM (10 /il) + MgCl2 0.4 M (10 til). After standing for 5 minutes at room temperature, the mixtures were centrifuged at 2000 x g for 10 minutes, the supernatant was removed and used to determine the level of cholesterol in high den sity lipoprotein (HDL). The precipitate was dissolved in 0.1 M Na citrate buffer (100 /il), and the level of cholesterol (LDL + VLDL) was estimated by using the above method. This measure was used to verify the accuracy of the estimates of LDL-chol which were calculated from (total-chol) -(HDL-chol + triglycerides/5) according to previous reports (25, 26) .
Expression of data and statistical methods.
Enzyme data are presented as specific activities [units/(milligram cytosolic or microsomal protein â€¢ minute)]. Statistical comparison of results was performed by a one-way analysis of variance When the F test indicated a significant effect, the differences between the means were analyzed by a pro tected least squares difference test (27) .
RESULTS
The average weight gain of the groups of layers fed the experimental diets (384.0 Â± 13.3 g) was equal to that of the control diet group (381 g) (table 1). Although feed con sumption was not monitored in this experi ment, the above data suggest that the incor poration of the garlic products into the diets did not decrease feed consumption. Signifi cant treatment effects were shown for all aspects of cholesterol and lipid metabolism save that of the HDL-chol concentrations (tables 2, 3). HMG-CoA reductase activity in all experimental groups except the group fed the garlic residue exhibited less than 30% of the control activity (P < 0.01). The solvent extracts â€"PESF, MESF and WASF â€"were the more potent sources of the HMG-CoA reductase inhibitor (P < 0.01) compared to garlic paste and garlic oil (table 2). A similar but less pronounced pattern of inhibition was found for cholesterol 7a-hydroxylase (MESF, 49%), fatty acid synthetase (PESF, 71%), malic enzyme (MESF, 73%), glucose 6-phosphate dehydrogenase (MESF, 61%) and 6-phosphogluconate dehydrogenase (WASF, 68%). In the parentheses are shown the most effective treatment and enzyme ac tivity as a percentage of control (table 2) .
The above pattern of enzyme inhibition by the various garlic factors was expressed in the serum levels of cholesterol and triglycÃ©rides (table 3). All garlic products except the residue lowered the serum cholesterol level, specifically the LDL-chol fraction. The MESF was most potent, lowering cholesterol PESF, ME! letter are differC ' A similar experiment was carried out by us ing pullets of a commercial broiler strain bred for high rates of gain and feed efficiency. The basal diet fed the broilers contained 23.5% soybean meal (44%) and 70% corn (table 4) . Garlic (3.8%) or the 3.8% equivalent garlic extract was added to the diet at the expense of corn. Feed consumption (18.84 Â±0.17 kg) did not vary between groups; the control group gained an average of 755 g, a 53% in crease in body weight. The group fed the WASF gained 828 g, a 52% increase in body weight. Cains by the groups fed PESF and MESF were equal to that of the control group, whereas groups fed the garlic residue and garlic oil gained 667 and 683 g, respec tively, increases of 43% in body weight. The major deviation in body weight gain was recorded for the group fed garlic paste The average weight gain of this group was 632 g, only a 40% increase in body weight. Feed consumption by this group was 18.60 kg; whether or not the 3.8% dilution in the energy density of this diet influenced this weight performance could not be determined.
The results shown in table 5 confirm that factors extracted from garlic suppress hepatic HMG-CoA reductase Feeding the MESF and WASF of garlic reduced this activity by 66-68%. HMG-CoA reductase was lowered by 50% or more by each of the remaining garlic treatments except that of the extracted residue These suppressions of HMG-CoA reductase are reflected in cholesterol levels of serum taken from fasted and from refed pullets and in the LDL-chol levels of refed birds (table 5) . The MESF, the most potent source of this suppressor, lowered total cholesterol by 25% and LDL-chol by 43%. HDL-chol was not affected by the cholesterol-suppressive agents of garlic. Com pared to the control, fatty acid synthetase ac tivity was significantly lower in each of the experimental groups except that fed the ex tracted residue The MESF and WASF of garlic were the more potent suppressors of this activity (table 6 ). This impact of garlic on fatty acid biosynthesis was also manifested in the inhibition of two pentose-phosphate path enzymes, malic enzyme and citratecleavage enzyme (table 6 ). Glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase activities were low compared to fatty acid synthetase and malic enzyme activities.
The low pentosephosphate pathway activities in the avian liver (tables 2, 4) have been reported by others (28, 29) .
In general, the impact of garlic and of solu ble fractions of garlic on lipid metabolism in layers was confirmed by using a broiler strain of chicks. All garlic treatments except that in volving the extracted residue were associated generally with reduced lipogenic cholesterolopoietic activities and with lower serum total cholesterol and LDL-chol levels. DISCUSSION Serum cholesterol levels fall when chickens as well as other species (6-21) are fed garlicsupplemented diets. Neither the mechanism of the hypocholesterolemic action nor its agent has been clearly defined. When fed in conjunction with cholesterol, garlic decreased the incorporation of acetate into cholesterol (14, 15) and increased fecal bile acid and neutral sterol excretion (18) . Both actions are consistent with the lowering of serum cholesterol. Anomalously, the activity of HMG-CoA reductase was increased and that of cholesterol 7a-hydroxylase decreased (14) ; both responses would be consistent, in cholesterol-fed animals, with the elevation of serum cholesterol.
In chickens fed diets essentially free of cholesterol, the suppressive action of garlic is clearly at the level of cholesterol biosynthesis. The suppression of HMG-CoA reductase is manifested in the decreased serum concen trations of LDL-chol and total cholesterol. The garlic-mediated change in the LDLchol:HDL-chol ratio of the pullets (-30%) is very similar to the change reported in the cholesterol-fed rat (18) .
Addition of steam-distilled garlic oil, a pro duct widely reported to be a cholesterolsuppressive agent (6-8, 10, 14) , at a level (0.014%) equivalent to the addition of 3.8% garlic paste elicited similar responses. The suppressor, readily extracted from garlic paste with the sequential application of solvents of increasing polarity, was not sharply defined in terms of polarity. The broad distribution suggests either the presence in garlic of polar and nonpolar me diators of cholesterol biosynthesis or alter natively the presence of and active substance conjugated in various forms to the extent that it is distributed among the solvents employed. An inhibitor of fatty acid oxygenases, present in onion and garlic and in steam-distilled garlic oil, exhibits a similar lack of definition in terms of polarity (30) . Alliin (20) and allicin (21), the highly polar, odorous com pounds in garlic, reported to lower plasma cholesterol, are readily extracted in the methanol step of the fractionation sequence. These compounds conjugated in less polar form could be the active agents in the PESE However, the demonstration that the odorless WASF is as effective as the MESE in suppress ing HMG-CoA reductase implies that a com pound other than those previously identified (20, 21) is involved in the garlic-mediated sup pression of cholesterol biosynthesis.
Key lipogenic enzymes were suppressed to varying degrees by the garlic additives. Dif ferences in the potency of the lipogenic sup pressor in each of the solvent fractions were recorded. This discrimination was not ex pressed towards HMG-CoA reductase, perhaps due to the presence of sufficient sup pressor in each solvent extract to dampen this enzyme to some residual level of activity, a level 35% of control in broilers and 25% of control in layers. In layers, HMG-CoA reduc tase, cholesterol 7a-hydroxylase, total serum cholesterol and serum LDL-chol values were each clustered about two points, a high point for control and garlic residues treatments and a low point for the five garlic treatments. The very close relationship between these measurements is shown in table 7.
This compactinlike activity (31) has been similarly extracted from the aleurone layer of barley (5, 32) , the dried filtrate of a Trichoderma virides culture (33) and from dried ginseng root (34) .
O'Brien and Reiser (35, 36) note that dietary factors that elevate serum cholesterol levels are more potent when added to purified diets. This observation implies that crude 
